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00 (54) Title: NOVEL SELF-INACnVATING (SIN) LENITVIRAL VECTORS 

^ (57) Abstract: Novel retroviral LTRs are disclosed for use in lentiviral gene therapy vectors. The R region of the LTR is derived 
from a lentivims, but lacks all or a portion of the lentiviral TAR sequence to increase the safety of the gene therapy vector. The TAR 
^ sequence can be replaced by comparable sequences from the R region from a non-Ientivira] retrovirus, thereby generating a hybrid. 
^ lentiviral/non-lentivira] R region which lacks TAR. Also disclosed are gene therapy vectors including the LTRs and methods of using 
^ the vectors in lentiviral-based gene therapy. 
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NOVEL SELF-INACnVATING (SIN) LENTTVIRAL VECTORS 

Background of the Invention 

5 The success of gene therapy techniques depends largely on the ability to achieve 

a combination of stable chromosomal integration and high-level, regulated expression of 
transferred genes in a manner safe to humans. Many current techniques allow efficient 
transient transfection of cells in vitro and in vivo with large DNA fragments. However, 
subsequent chromosomal integration is very inefiBcient. To overcome low levels of 
10 integration, retroviral vectors, which integrate very efficiently in pennissive cells, can be 
used. 

While recombinant retroviral vectors allow for integration of a transgene into a 
host cell genome, most retroviruses can only transduce dividing cells, which limits their 
use for in vivo gene transfer to nonproliferating cells such as hepatocytes, myofibers, 

15 hematopoietic stem cells, and neurons. Non-dividing cells are the predominant, long- 
lived cell type in the body, and account for most desirable targets of gene transfer, 
including liver, muscle, and brain. Even protocols attempting the transduction of 
hematopoietic stem cells require demanding ex vivo procedxires for triggering cell 
division in these cells prior to infection. 

20 One way of overcoming this obstacle is to employ lentiviral vectors, in place of 

conventional retroviral vectors. Lentiviruses are complex retroviruses which, based on 
their higher level of complexity, can integrate into the genome of nonproliferating celb 
and modulate their life cycles, as in the course of latent infection. These viruses include 
HTV-l, HIV-2, SIV, FIV and EIV. Like other retroviruses, lentiviruses possess gag, pal 

25 and em genes which are flanked by two long temiinal repeat (LTS) sequences. Each of 
these genes encodes multiple proteins, initially expressed as one precursor polyprotein. 
The gag gene encodes the internal stractural (matrix c^sid and nucleoc^sid) protems. 
The pol gene encodes the RNA-directed DNA polymerase (reverse transcriptase, 
integrase and protease). The em gene encodes viral envelope glycoproteins and 

30 additionally contains a ds-acting element (RRE) responsible for nuclear export of viral 
KNA. 

The 5' and 3' LTRs serve to promote transcription and polyadenylation of the 
virion RNAs and contains all other c£y-acting sequences necessary for viral replication. 
Adjacent to the 5' LTR are sequences necessary for reverse transcription of the genome 
35 (the tRNA primer binding site) and for efiScient encapsidation of viral RNA into 

particles (the Psi site). If the sequences necessary for enc^sidation (or packaging of 
retroviral RNA into infectious virions) are missing from the viral genome, the result is a 
cis defect which prevents encapsidation of genomic RNA. However, the resulting 
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mutant is still capable of directiBg the synthesis of all virion proteins. A comprehensive 
review of lentiviruses, such as HIV, is provided, for example, in Field^s Virology (Rayen 
PubUshers), eds. B.N. Fields et al., ©1996. 

Recently, a HTV-based lentiviral vector has been shown to be efBcient in 
5 integratmg into non-cycling cells (Verma, L M. and N. Somia, 1997. Nature 389:239-30 
242). However, it was foimd that the cellular expression of the lentivirus vector from 
the HIV LTR promoter/enhancer was poor (Choi, J. K. and A. Gewirtz. 1998. Blood 
92:468a). FACS analysis of transduced hematopoietic cells demonstrated that 
fluorescent intensity in the lentiviral-transduced cells was only one-half log greater than 

10 control cells. Better expression was obtained by utilizing a HTV-based vector system 
that also expressed the viral transcription co-factor TAT that is critical for high 
expression oflf the HIV LTR. (Uchida et al. 1998. Proc. Natl. Acad. Sci. USA 95:1 1939- 
1 1944). Expression of TAT, however, compromises clinical safety because the TAT 
region is involved in viral replication. 

15 Thus, in light of the danger of producing replication-competent HIV virus, safer 

HIV-based vectors capable of efficient expression are needed. In particular, self- 
inactivating lentivral vectors which cannot produce replication-competent viruses but are 
capable of efficiently infecting and integrating into the chromosomes of non-dividing 
cells, would be of immense value in human gene therapy. 

20 

Summary of the Invention 

The present invention provides novel and improved self-inactivating (SIN) 
lentiviral vectors for use in gene therapy. The vectors are made safer by removing 
selected lentiviral sequences within the left (5') and right (3') LTRs to prevent 

25 replication-competant virus, while maintaining sequences necessary for obtaining high 
viral titers capable of mfecting a wide variety of dividing as well as non-dividing cells. 

In one embodiment of the invention, Ae lentiviral sequences removed from the 
LTRs are replaced with comparable sequences from a non-lentiviral retrovirus, thereby 
fomiing hybrid LTRs. In particular, the lentiviral R region within the LTR can be 

30 replaced in whole or in part by the R region from a non-lentiviral retrovirus. However, 
in all embodiments of the invention, the lentiviral TAR sequoace, a sequence which 
interacts wifli TAT protein to enhance viral replication, is removed, preferably in whole, 
from the R region. The TAR sequence is then replaced with a comparable portion of the 
R region from a non-lentiviral retrovirus, thereby forming a hybrid R region. The LTRs 

35 can be frirdier modified to remove and/or replace with non-l^tiviral sequences all or a 
portion of tiie lentiviral U3 and U5 regions. 
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Accordingly, in one embodiment, the present invention provides a retroviral LTR 
comprising a hybrid lentiviral R region which lacks all or a portion of its TAR sequence, 
thereby eliminating any possible activation by TAT, wherein the TAR sequence or 
portion thereof is replaced by a comparable portion of the R region from a non-lentiViral 
5 retrovuns, thereby forming a hybrid R region. In a particular embodiment, the retroviral 
LTk comprises a hybrid R region, wherein the hybrid R region comprises a portion of 
the HTV R region (e.^., a portion comprising or consisting of the nucleotide sequence 
shown in SEQ ID NO:10) lackmg the TAR sequence, and a portion of the MoMSV R 
region (e,g,, a portion comprising or consisting of the nucleotide sequence shown in 

10 SEQ ID N0;9) comparable to the TAR sequence lacking from the HIV R region. In 
another particular embodiment, the entire hybrid R region comprises or consists of the 
nucleotide sequence shown in SEQ ID N0:1 1. 

Suitable lentiviruses from which the R region can be derived include, for 
example, HIV (fflV-l and HIV-2), EIV, SIV and FIV. Suitable retroviruses from which 

15 non-lentiviral sequences can be derived include, for example, MoMSV, MoMLV, 

Friend, MSCV, RS V and Spumaviruse. In a particular embodiment exemplified herein, 
the lentivirus is HIV and the non-lentiviral retrovirus is MoMSV. 

In another particular embodiment, the LTR comprising a hybrid R region is a left 
(5') LTR and further comprises a promoter sequence upstream from the hybrid R regioa 

20 Preferred promoters are non-lentiviral in origin and include, for example, the U3 region 
from a non-lentiviral retrovirus (e.g., the MoMSV U3 region). In a particular 
embodiment, the U3 region comprises the nucleotide sequence shown in SEQ ID 
NO: 12. In another embodiment, the left (5') LTR further comprises a lentiviral U5 
region downstream from the hybrid R region. In a preferred embodiment, the U5 region 

25 is the HIV U5 region including the HIV att site necessary for genomic integration. In 
another preferred embodiment, flie US region comprises the nucleotide sequence shown 
in SEQ ID N0:13. In yet another preferred embodiment, the entire left (5*) hybrid LTR 
comprises the nucleotide sequence shown in SEQ ID NO: 1 . 

In ano&er particular embodiment, the LTR comprising a hybrid R region is a 

30 right (3') LTR and further comprises a modified (e.g», truncated) lentiviral U3 region 
upstream from Hit hybrid R region. The modified lentiviral U3 region preferably 
includes the att sequence, but lacks any sequences having promoter activity, fliereby 
causing Ae vector to be self-inactivating (SIN) in that viral transcription can not go 
beyond the first round of replication following chromosomal integration. In a particular 

35 embodiment, the modified lentiviral U3 region upstream from the hybrid R region 
consists of the 3* end of a lentiviral (e.g., HTV) U3 region up to and including the 
lentiviral U3 att site. In a preferred embodiment, the U3 region comprises flie nucleotide 
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sequence shown in SEQ ID NO: 15. In another embodiment, Ihe right (3') LTRfiuti^ 
comprises a polyadenylation sequence downstream from the hybrid R region. In another 
preferred embodiment, the polyadenylation sequence comprises the nucleotide sequence 
shown in SEQ ID NO:16. In yet another preferred embodiment, the entire right (5') 
5 LTR comprises the nucleotide sequence shown in SEQ ID NO:2 or 17: 

Accordingly, in yet anoflier embodiment, the present invention provides a left 
(5') retroviral LTR comprising three regions, U3, R and U5, wherein the U3 region 
comprises a promoter sequence, the R region comprises a combination of ^.e., is a 
hybrid of) a portion of an R region from a lentivirus which does not include the TAR 

10 sequence, and a portion of an R region from a non-lentiviral retrovirus comparable to the 
portion of the lentiviral R region containing TAR, and the U5 region comprises a 
lentiviral U5 region. 

In a particular embodiment, the U3 region comprises the U3 region from a non- 
lentiviral retrovirus (e.g., the MoMSV U3 region), the R region comprises a hybrid of 

15 the HIV R region without all or a portion of the HIV TAR sequence but preferably 
including the HIV polyadenylation sequence (e.g., the right half of the HIV R region), 
and a portion of the MoMSV R region which is comparable to the HTV TAR sequence 
missing from the HIV R region (e.g., the left half of the MoMSV R region), and the U5 
region comprises the HTV U5 region including the HIV att sequence. 

20 In yet another embodiment, the present invention provides a right (3') retroviral 

LTR comprising three regions, U3, R and P, wherein the U3 region comprises the att 
sequence from a lentiviral U3 region but lacks any sequences from the U3 region having 
promoter activity, the R region comprises the same hybrid R region as in the left (5') 
LTR of the invention described above, and the P region comprises a polyadenylation 

25 sequence. In a particular embodiment the U3 region comprises tiie 3' end of the HIV 
U3 region including the att sequence but lacking any U3 sequences upstream from the 
att sequence, the R region comprises a hybrid of a portion of tiie HIV R region lacking 
the TAR sequence, and a portion of the MoMSV R region comparable to TAR, and the 
P region comprises the rabbit P-globin gene polyadenylatioB sequence. In ano&er 

30 embodiment, the right (3') retroviral LTR ftirlher comprises the HIV central polypurine 
track (ppt) sequence iipstream from the U3 region. 

In yet a fisrther CTibodiment, the present invention provides an expression vector 
(e.g., a lentiviral vector) comprising fteabove-^lescribed retroviral LTRs* The vector 
generally includes additional elements including, for example, all or a portion of a GAG 

35 sequence (e.g., including the packaging sequence), a central polypurine tract (cppt), one 
or more RNA e^qwrt elements (e.g., the HTV Rev responsive element (RRE)), and one or 
more exogenous genes operably linked to a suitable promoter (e.g*, the PGK, EFl alpha 
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and CMV promoter or the natural promoter associated with the gene) or internal 
ribosome entry site (IRES). 

Vectors of the present invention can include any exogenous gene desired for 
delivery to a cell, including therapeutic genes for treating diseases. The vector can 
5 further include a marker gene (e.g., GFP) to help trace integration of the vector into the 
genome of the cell. In a particular embodiment, the gene encodes a protein which 
promotes angiogensis. Suitable genes include, but are not limited to genes encoding 
soluble Interleukin-la Receptor Type I, Soluble Interleukin-la Receptor Type H, 
Interleukin -la Receptor Antagonist Protein (IRAP), Insulin-Like Growth Factor (IGF), 

1 0 Tissue Inhibitors of Matrix Metallo-Proteinases (TIMP) -1 ,-2,-3,-4, Bone Morphogenic 
Protein (BMP)-2 and -7, Indian Hedgehog, Sox-9, Interleukin-4, Transforming Growth 
Factor (TGF) -p. Superficial Zone Protein, Cartilage Growth and Differentiation Factors 
(CGDF), Bcl-2, Soluble Tumor Necrosis Factor (TNF) - a Receptor, Fibronectin and/or 
Fibronectin Fragments, Leukemia Inhibitory Factor (LIF), LIF binding protein (LBP), 

15 Interleukin-4, Interleukin-10, Interleukin-1 1, Interleukin- 13, Hyaluronan Synthase, 
soluble TNF-a receptors 55 and 75, Insulin Growth Factor (IGF)-1 , activators of 
plasminogen, urokinase plasminogen activator (uPA), parathyroid hormone-related 
protem (PTHrP), and platelet derived growth factor (PDGF)-AA -AB or -BB. 

For delivery to cells, vectors of the present invention are preferably used in 

20 conjunction with a suitable packaging cell line or co-transfected into cells in vitro along 
with other vector plasmids containing the necessary retroviral genes (e.g., gag and pol) 
to form replication incompetent virions capable of packaging the vectors of the present 
invention and infecting cells. 

Accordingly, in yet another embodiment, the invention provides a method of 

25 delivering a gene to a cell which is then integrated into the genome of the cell, 

comprising contacting the cell with a virion containing a vector of the present invention. 
The cell (e.g.9 in the form of tissue or an organ) can be contacted (e.g., infected) with &e 
virion ex vivo and then delivered to a subject (e.g., a mammal, animal or human) in 
which the gene will be e3q>ressed. The cell can be autologous to the subject (i.e., from 

30 the subject) or it can be non-autologous (i.e., allogeneic or xenogcnic) to the subject 
Moreover, because the vectors of the present invention are capable of being delivered to . 
both dividing and non-dividing cells, the cells can be from a wide variety including, for 
example, bone marrow cells, mesenchymal stem cells (e.g., obtained from adipose 
tissue), synovial fibroblasts, chondrocytes and other primary cells derived from human 

35 and animal sources. Alternatively, the virion can be directly administered in vivo to a 
subject or a localized area of a subject (e.g., localized vasculature). 
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Accordingly, the novel vectors of the present invention can be used a wide 
variety of gene therapy applications to provide a safe and effective method of achieving 
long-term gene expression. 

5 Brief Description of the Figures 

Figure 1 shows a complete map of the HIV-MoMSV hybrid vector, including 
(from left to right): 1) the hybrid 5' LTR, contaning the MoMSV U3, the left half of the 
MoMS V R, the right half of the HIV R (without TAR) and the HIV U5 with att site; 2) 
the HTV packaging signal which is part of the sequence leading into the HIV GAG 

10 sequence; 3) the HIV GAG sequence, 4) the central polypurine tract (cppt), 5) the HTV 
RRE (rev response element); 6) the gene(s) to be expressed (e.g., GFP and/or a 
therapeutic gene of interest) coupled downstream from a suitable promoter (e.g., PGK 
driving the gene of interest) or IRES (internal ribosome entry site, which uses the PGK 
promoter driving a selection marker); 7) the polypurine tract leading into the 3 * LTR; 

15 and 8) the hybrid 3 'LTR, including (from left to right) the HTV att sequence, the same 
hybrid MoMSV-HIV R as m the 5' LTR and the rabbit p-globin polyadenylation 
sequence. 

Figure 2 shows a restriction map of the 5' (left) hybrid LTR, including the 
20 cloning sites for the MoMSV 5'LTR U3, the left portion of the MoMSV 5'LTR R, the 
right portion of the HIV 5' LTR R (no TAR), and the HIV 5XTR U5 with att 

Figure 3 shows a restriction map of the 3' (right) hybrid LTR, including the 
cloning sites for the HTV E box and polypurine tract (ppt) linked to the HIV att 
25 sequence, the same hybrid MoMSV-HIV R as in the left LTR shown in Figure 2, and the 
polyadenylation sequence. 

Figure 4A and 4B show the nucleotide sequence (SEQ ID NO:l) of the complete 
hybrid 5' (left) LTR as described in Figure 2, including the start and end of the 
30 sequences corresponding to flie MoMSV U3, the left portion of the MoMSV R, the right 
portion of the HIV R (no TAR), and the HIV US with atL 

Figure 5 shows the nucleotide sequence (SEQ ID NO:2) of the complete hybrid 
3' (right) LTR as described in Figure 3, including the start and end of the sequences 
35 corresponding to the HIV E box and polypurine tract (ppt) linked to the HTV att 

sequence, the same hybrid MoMSV-HIV R as in the left LTR, and the polyadenylation 
sequence. 



-6- 



wo 02/087341 



PCTAJS02/14139 



Figure 6 shows a restriction map of Plasmid A which contains tihe sequence at 
the start of the MoMSV 5' LTR U3 region and was made by cloning annealed oligo 
(OPLB 10/11) into Puc 19. 

5 

Figure 7 shows a restriction map of Plasmid B, containing the MoMSV 5' LTR 
U3 region and part of the MoMSV R region, which was subcloned into Plasmid A. 

Figure 8 shows a restriction map of Plasmid C, containing the HIV 5' LTR U5 
1 0 region, the HIV R region with TAR deleted and the start of the HIV GAG sequence, 
which was subcloned into Puc 19. These HIV sequences were derived from plasmid 
HIVNL-43. 

Figure 9 shows a restriction map of Plasmid D which contains a combination of 
15 plasmids A, B, and C to form the 5' hybrid MoMSV-HIV LTR Plasmid D contains 
(within a Puc 19 backbone) the MoMSV U3 region with part the MoMSV R region, part 
of the HIV R region (lacking TAR), the fflV U5 region and the start of the HIV GAG 
sequence. 

20 Figure 10 shows a restriction map ofPlasmidE containing the complete hybrid 

MoMSV-HIV y LTR, including the HIV E box and ppt sequences, the att sequence of 
the HIV U3 region plus the following 37 nucleotides iq) to the start of the R region, the 
same hybrid R region as in the hybrid 5* LTR and an ideal polyadenylation sequence. 

25 PetaHed description of the Inventioii 

Unlike previously described self-inactivating lentiviral vectors, the present 
invention provides a new type of self-inactivatiBg (SIN) lentiviral vector in which the R 
region of the long tenninal repeat (LTR) is replaced in v^ole or in part by the R region 
from a non-lentiviral retrovirus, thereby rendering the vector safer for use in gene 
30 therapy, while maintaing its abiUty to achieve high (ther^utically useful) viral titers in 
a variety of dividing and non-dividmg cells. 

In a particular embodiment of the invention exemplified herein, the lentiviral R 
region is replaced in part by the R region from a non-lentiviral retrovirus, thereby 
forming a hybrid lentiviral/non-lentiviral R region. More particularly, the R region 
35 comprises a hybrid between the R regions of Moloney Murine Leukemia Virus 

(MoMSV) and Human Immune Deficiency Virus 1 (HIV). The left portion of the R 
region corresponds to a portion of the MoMSV R region comparable to the portion of 
the HIV R region containing the tat reponsive (TAR) element The term ^'comparable 

-7- 
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to" as used herein refers to sequences which achieve the same or sinoilar viral titers. 
Thus, the left portion of the R region contains MoMSV sequences vrfiich, when 
V replacing the portion of the HTV R region containing TAR, maintain the same or similar 
viral titers. 

5 The right portion of the R region corresponds to a portion of the HTV R region 

including the poly A signal and structural components leading into the U5 region, but 
lacking the TAR element In addition to this short segment of R, the only elements 
remaining from HTV within the LTRs of the vector are the U5 region, the packaging 
signal (GAG region), the polypurine tract and the right U3 att site, thereby significantly 

1 0 reducing HTV components in the vector. 

The deletion of the TAR element eliminates any possible activation by tat, a 
region which interacts with the TAR element to enhance viral replication. Removal of 
the TAR element therefore eliminates the possibility of producing replication-competent 
HIV virus. Accordingly, the hybrid SIN vector of the present invention is safer for use 

15 in gene therapy than previously described SIN lentiviral vectors, while maintaining its 
ability to efficiently infect and integrate into non-dividing cells, 

DEFINITIONS 

As used herein, the following terms and phrases used to describe the invention 

20 shall have the meanings provided below. 

The term "retrovirus" refers to any known retrovirus (e.g., type c retroviruses, 
such as Moloney murine sarcoma virus (MoMSV), Harvey murine sarcoma virus 
(HaMuS V), murine mammary tumor viras (MuMTV), gibbon ape leukemia virus 
(GaLV), feline leukemia virus (FLV), spumavirus. Friend, Murine Stem Cell Virus 

25 (MSCV) and Rous Sarcoma Virus (RSV)). "Retroviruses" of the invention also include 
human T cell leukmia viruses, HTLV-1 and HTLV-2, and the lentiviral family of 
retroviruses, such as hmnan Immunodeficiency viruses, HIV-1, HIV-2, simian 
inmmodeficiency virus (SIV), feline immonodeficiency virus (FTV), equine 
immnodeficiency virus (EIV), and other classes of retroviruses. 

30 '^Retroviruses^ are RNAvinises that utilize reverse transcrip 

replication cycle. The retroviral genomic RNA is converted into double-stranded DNA 
by reverse transcriptase. This double-stranded DNA form of the virus is capable of being 
integrated into the chromosome of the infected cell; once integrated, it is referred to as a 
"provirus." The provirus serves as a template for RNA polymerase U and directs the 

35 expression of RNA molecules vAiich encode the structural proteins and enzymes needed 
to produce new viral particles. At each end of the provirus are structures called ^long 
terminal repeats" or "LTRs." The LTR contains numerous regulatory signals including 
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transcriptional control elements, polyadenylation signals and sequences needed for 
replication and integration of the viral genome. The viral LTR is divided into three 
regions called U3, R and U5. The U3 region contains the enhancer and promoter 
elements- The U5 region is the sequence between the primer binding site and the R 
5 region and contains the polyadenylation sequence. The R (repeat) region is flanked by 
the U3 and U5 regions. The LTR composed of US, R and U5 regions, appears at both 
the both the 5' and 3' ends of the viral genome. 

The term "lentivirus" refers to a group (or genus) of retroviruses that give rise to 
slowly developing disease. Viruses included within this groiq) include HIV (human 

10 immunodeficiency virus; including HTV type 1, and HIV type 2), the etiologic agent of 
the human acquired immunodeficiency syndrome (AIDS); visna-maedi, which causes 
encephalitis (visna) or pneumonia (maedi) in sheep, the caprine arthritis-encephalitis 
virus, which causes immime deficiency, arthritis, and encephalopathy in goats; equine 
infectious anemia virus, which causes autoimmune hemol)rtic anemia, and 

15 encephalopathy in horses; feline immunodeficiency virus (FIV)» which caiises immune 
deficiency in cats; bovine immime deficiency virus (BIV), which causes 
lymphadenopathy, lymphocytosis, and possibly central nervous system infection in 
cattle; and simian immunodeficiency virus (SIV), which cause immune deficiency and 
encephalopathy in sub-human primates. Diseases caused by these viruses are 

20 characterized by a long incubation period and protracted course. Usually, the viruses 
latently infect monocytes and macrophages, firom which they spread to other cells. HIV, 
. FIV, and SIV also readily infect T lymphocytes (i.e., T-cells). 

The term "hybrid" refers to a vector, LTR or other nucleic acid containing both 
lentiviral sequences and non-lentiviral retroviral sequences. 

25 The term "vector" refers to a nucleic acid molecule capable of transporting 

another nucleic acid to which it has been linked. The term "expression vector" includes 
any vector, (e.g., a plasmid, cosmid or phage chromosome) containing a gene construct 
in a form suitable for expression by a cell (e.g., linked to a promoter). In the present 
specification, "plasmid" and "vector" are used interchangeably, as a plasmid is a 

30 commonly used form of vector. Moreover, the invention is intended to include other 
vectors vMch serve equivalent functions. 

The term "retroviral vector" refers to a vector containing structural and 
functional gemHc elements that are primarily derived firom a retrovirus. 

. The term "lentiviral vector" refers to a vector containing structural and functional 

35 genetic elements outside the LTRs that are primarily derived fix)m a lentivirus. 
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The terin "self-inactivating vector"' refers to vectors in which the right (3') LTR 
enhancer-promoter region, know as the U3 region, has been modified (e.g., by deletion 
or substitution) to prevent viral transaiption beyond the first round of viral replication. 
Consequently, the vectors are capable of infecting and then integrating into the host 
5 genome only once, and can not be passed further This is because the right (3 ') LTR U3 
region is used as a template for the left (5') LTR U3 region during viral replication and, 
thus, tihe viral transcript can not be made without the U3 enhancer-promoter. If the viral 
transcript is not made, it can not be processed or packaged into virions, hence the life 
cycle of the virus ends. Accordingly, SIN vectors greatly reduce risk of creating 
1 0 unwanted rqjUcation-competent virus since the right (3 LTR U3 region has been 
modified to prevent viral transcription beyond the first round of replication, hence 
eliminating the ability of the virus to be passed. 

The temi "long terminal repeat (LTR)" refers to domains of base pairs located at 
the ends of retroviral DNAs which, in their natural sequence context, are direct repeats 
15 and contain U3, R and U5 regions. LTRs generally provide fiinctions fundamental to 
the expression of retroviral genes (e.g., promotion, initiation and polyadenylation of 
gene transcripts) and to viral replication. 

The term "TAR" refers to the "trans-activation response" genetic element located 
in the R region of lentiviral (e.g., HIV) LTRs. This element interacts with the lentiviral 
20 trans-activator (tat) genetic element to enhance viral replication. 

The term region'* refers to the region within retroviral LTRs begirming at the 
start of the capping group (i.e., the start of transcription) and ending immediately prior 
to the start of the poly A tract The R region is also defined as being flanked by the U3 
and U5 regions. The R region plays an important role during reverse transcription in 
25 permitting the transfer of nascent DNA &om one end of the genome to the other. 

The term "transfection" refers to the introduction of foreign DNA into eukaryotic 
cells* Trans&ction may be accomplished by a variety of means known in the art 
including but not limited to calcium phosphate-DNA co-precipitation, DEAE-dextran-* 
mediated transfection, polybrene-mediated transfection, electrpporation, microinjection, 
30 liposome fiision, lipofection, protoplast fusion, retroviral infection, and biolistics. 

The term "transduction" refers to the delivery of a gene(s) using a viral or 
retroviral vector by means ofviral infection rather than by transfection. In preferred 
embodiments, retroviral vectors are transduced by packaging tiie vectors into virions 
prior to contact with a cell. For example, an anti-HIV gene carried by a retroviral vector 
35 can be transduced into a cell through infection and provirus integration. 
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The term "promoter/enhancer" refers to a segment of DNA which contains 
sequences capable of providing both promoter and enhancer functions. For example, the 
long terminal repeats of retroviruses contain both promoter and enhancer functions. The 
euhancer/promoter may be "endogenous" or "exogenous" or "heterologous." An 
5 "endogenous" enhancer/promoter is one which is naturally linked with a given gene in 
the genome. An "exogenous" or "heterologous" enhancer/promoter is one which is 
placed in juxtaposition to a gene by means of genetic manipulation (i.e., molecular 
biological techniques) such that transcription of that gene is directed by the linked 
enhancer/promoter. 

10 EflBcient expression of recombinant DNA sequences in eukaiyotic cells requires 

expression of signals directing the efficient termination and polyadenylation of the 
resulting transcript Transcription termination signals are generally found downstream of 
the polyadenylation signal. The term "poly A site" or "poly A sequence" as used herein 
denotes a DNA sequence which directs both the termination and polyadenylation of the 

15 nascent RNA transcript. Efficient polyadenylation of the recombinant transcript is 

desirable as transcripts lacking a poly A tail are unstable and are rapidly degraded. The 
poly A signal utilized in an expression vector may be "heterologous" or "endogenous." 
An endogenous poly A signal is one that is foimd naturally at the 3* end of the coding 
region of a given gene in the genome. A heterologous poly A signal is one which is one 

20 which is isolated from one gene and placed 3' of another gene. 

The term "export element refers to a cz^y-acting post-transcriptional regulatory 
element which regulates the transport of an RNA transcript from the nucleus to the 
cytoplasm of a cell. Examples of RNA export elements include, but are not limited to, 
the human immunodeficiency virus (HTV) rev response element (RRE) (see e.g., Cullen 

25 et al. (1991) J. Virol 65: 1053; and Cullen et al. (1991) Ce// 58: ATiAlG), and the 
hepatitis B virus post-transriptional regulatory element (PRE) (see e.g., Huang et al. 
(1995) Molec. and Cell Biol 15(7): 3864-3869; Huang et al. (1994) J. Virol 68(5): 
3193-3199; Huang et al. (1993) Molea and Cell Biol 13(12): 7476-7486), and U.S. 
Patent No. 5,744,326). Generally, the RNA export element is placed within the 3' UTR 

30 of a gene, and can be inserted as one or multiple copies. RNA export elements can be 
inserted into any or all of the separate vectors generating tiie packaguig cell lines of the 
present invention. 

The phrase "retroviral packaging cell line" refers to a cell line (typically a 
mammaUan cell line) wMch contains the necessary coding sequences to produce viral 
35 particles which lack the ability to package RNA and produce replication-competent 
helper-virus. When the packaging function is provided within tiie cell line (e.g., in trans 
by way of a plasmid vector), the packaging cell line produces recombinant retrovirus. 
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thereby becoming a "retroviral producer ceU li^^^ 

SELF-INACTIVATING (SIN) LENTIVIRAL HYBRID VECTORS 

Retroviral vectors of the present invention can be formed using standard cloning 
5 techniques by combining the desired DNA sequences in the order and orientation 
described herein (Current Protocols in Molecular Biology, Ausubel, et al. (eds.) 
Greene Publishing Associates, (1989), Sections 9.10-9.14 and other standard laboratory 
manuals; Eglitis, et al. (1985) Science 230:1395-1398; Danos and Mulligan (1988) Proc. 
Natl Acad Sci USA 85:6460-6464; Wilson et al. (1988) Proc. Natl Acad Sci USA 

10 85:3014-3018; Armentano et al. (1990) Proc, Natl Acad Set USA 87:6141-6145; 
Hubet et al. (1991) Proc. Natl Acad Sci. USA 88:8039-8043; Ferry et al. (1991) Proc, 
Natl Acad Sci USA 88:8377-8381; Chowdhury et al. (1991) Science 254:1802-1805; 
van Beusechem et al. (1992) Proc. Natl Acad Set. USA 89:7640-7644; Kay et al. (1992) 
Human Gene Therapy 3:641-647; Dai et al. (1992) Proc. Natl Acad, Sci USA 

15 89:10892-10895; Hwu et al. (1993) J. Immunol 150:4104-41 15; U.S. Patent No. 
4,868,116; U.S. Patent No. 4,980,286; PCX Application WO 89/07136; PCT 
Application WO 89/02468; PCT Application WO 89/05345; and PCT Application WO 
92/07573). 

Suitable sources for obtaining retroviral (i.e., both lentiviral and non-lentiviral) 

20 sequences for use in forming the vectors include, for example, genomic RNA and 
cDNAs available from commercially available sources, including the Type Culture 
Collection (ATCC), RockviUe, MD, The sequences also can be synthesized chemically. • 

For example, DNA sequences from retroviral LTRs can be cloned out of 
commercially purchased retroviral plasmids using PCR and other standard techniques as 

25 described in the Examples herein. Once the necessary sequences have been cloned, they 
can be combined in the desired order within a suitable e5q)ression vector, such as a pUC 
vector (e.g., pUC19) (University of California, San Francisco), pBR322, or pcDNAl 
(hiVitrogen) to form hybrid LTRs. The LTRs can then be modified by deletion (using 
e.g., restriction enzymes), substitution (using e.g., site directed mutagenesis), or addition 

30 so that they contain the desired U3, R, U5 and P sequences taught by the present 
invention. Once formed, the hybrid LTRs can then be cloned into a suitable lentiviral 
vector to form a hybrid vector- 
In one embodimrat of &e invention, the portion of the HIV R xe^on (within the 
HIV LTR) containing the TAR element is deleted. The remainder of the R region is 

35 then combined (e.g., ligated into restriction sites) wife a portion the MoMSV R region 
vMch is comparable to the portion of the HIV R region containing TAR. The resulting 
hybrid R region is then cloned into separate plasmids containing U3, U5 and/or P 
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sequences desired to fonn left (5') and right (3') LTRs of the invention, which are then 
ultimately cloned into a lentiviral vector. 

Vectors of the present invention preferably include hybrid LTRs containing the 
minimal lentiviral sequences (e.g., U3, R and U5 sequences) necessary to maintain the 
5 therapeutic value of the vector (i.e., sufiBcient function for use in gene therapy). This 
can be measured in a variety of functional assays, including the ability of the vector to 
infect cells as measured by viral titers. Preferably, the vectors are capable of generating 
unconcentrated viral titers of 10* or more and, even more preferably, of 10* or more, 
which can then be further inareased by concentration (e.g., up to 10^ 10^ 10* or 10^. 

10 Therapeutic value can also be measured by the type of cells which the vector can 

infect (host range). Preferably, hybrid vectors of the invention maintain the ability of 
lentiviral vectors to infect both dividing and non-dividing cells and, more preferably, are 
capable of infecting substantially the same host range as fiilly lentiviral vectors. 

Accordingly, to determine what portions of the lentiviral LTR U3, R and U5 

1 5 regions can be deleted and not replaced at all (i.e., are non-essential) and which portions 
are essential to retain therapeutic value, various deletions can be made in these regions 
and the resulting vectors can be tested in such functional assays (e.g., which measure 
viral titers and/or host range) to assess whether therapeutic value has been maintained. 
For example, it was deteraiined by way of the present invention that the entire left (5') 

20 LTR U3 region of HIV can be deleted and replaced by a suitable promoter sequence, 
such as a non-lentiviral U3 region. It was also determined that the entire right (3") LTR 
U5 region of HTV can be deleted and merely replaced by a polyadenylation sequence. 

The same analysis also can be used to determine what portions of non-lentiviral 
LTR U3, R and U5 regions can be substituted for (i.e., are comparable to) portions of the 

25 lentivkal U3, R and U5 regions. In brie^ various portions of non-lentiviral U3, R and 
U5 regions can be substituted into the corresponding lentiviral U3, R and U5 regions (in 
place of lendviral sequences) and the resulting vectors can be tested to assess whether 
therapeutic value has been maintained. For example, it was detemuned by way of the 
present invention that the portion of the HIV R region containing the TAR element can 

30 be replaced by the corresponding left portion of the R region from a non-lentiviral 
retrovirus (e.g., MoMSV). 

In particular embodiments, the present invention provides vectors containing 
hybrid LTRs comprising the particular nucleotide sequences shown in SEQ ID NOS: 1- 
17. The invention fiirther includes nucleic acids and vectors containing nucleic acids 

35 \^ch hybridize under high or low stringmcy conditions to nucleic acids having all or a 
portion of SEQ ID NOS: M7 and, in particular, SEQ ID NOS: 1, 2 and 9-17. 
Appropriate stringency conditions which promote DNA hybridization, for example, 6.0 
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X sodium chloride/sodium citrate (SSC) at about 45°C, followed by a wash of 2.0 x SSC 
at 50^ are known to those skilled in the art or can be found in Current Protocols in 
Molecular Biology, John Wiley & Sons, N.Y. (1989), 63.1-6.3.6. For example, the salt 
concentration in the wash step can be selected jfrom a low stringency of about 2.0 x SSC 
5 at SO^'C to a high stringency of about 0.2 x SSC at 50*'C. In addition, the temperature in 
the wash step can be increased from low stringency conditions at room temperature, 
about 22X, to high stringency conditions at about 65°C. Preferred nucleic acids are at 
least 60-70% homologous, more preferably 80-90% homologous, and most preferably 
95-98% homologous with the nucleic acid sequence of SEQ ID NOS: 1-17. 

10 Thus, the invention encompasses nucleic acids which have a nucleotide sequence 

which is substantially similar to the nucleotide sequence shown in SEQ ID NOS: 1, 2 
and 9-17 or encoding a protein having an amino acid sequence which is substantially 
similar to the amino acid sequences encoded by the nucleotide sequences shown in SEQ 
ID NOS: 1, 2 and 9-17. The term "substantially similar", in regards to a nucleotide or 

15 amino acid sequence, means those nucleotide and amino acid sequences which have 
slight or inconsequential sequence variations from the sequences disclosed in SEQ ID 
NOS: 1, 2 and 9-17, e.g., the homologous nucleic acid functions in substantially the 
same manner to produce substantially the same polypeptide having substantially the 
same activity as the actual sequence. It is expected that substitutions or alterations can 

20 be made in the nucleotide or amino acid sequence without affecting function of the 
nucleic acid or protein encoded therein. For example, the degeneracy of the genetic 
code enables a number of amino acids to be designated by more than one triplet codon 
(for example, CAU and CAC both code for histidine). Thus, changes in the nucleotide 
sequence of SEQ ID NOS: 1 , 2 and 9-17 (especially those within the third base of a 

25 codon) can be made which result in "silent'' mutations in the DNA which do not affect 
the amino acid encoded These silent mutations may occur naturally within a population 
(DNA polymorphism) or can be introduced by standard recombinant DNA techniques* 
Additionally, it should be appreciated by those skilled in tiie art that DNA sequrace 
polymorphisms that do lead to changes in the amino acid sequences corresponding to the 

30 nucleotide sequraces shown in SEQ ID NOS: 1, 2 and 9-17 may exist widun a 
population due to natural allelic variation, or can be created by standard techniques, 
without changing the fimctional activity of the protein. Accordingly, nucleic adds 
having a nucleotide sequence substantially similar to SEQ ID NOS: 1, 2 and 9-17 or 
encoding a protein having an amino add sequence substantially similar to the amino 

35 add sequences corresponding to the nucleotide sequences shown in SEQ ID NOS: 1, 2 
and 9-17 are intended to be encompassed by the invention. 
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A nucleic acid of the invention can be isolated by standard molecidar biology 
techniques based upon the nucleotide sequences shown in SEQ ID NOS: 1, 2 and 9-1 ?• 
For example, a labeled nucleic acid probe having a nucleotide sequrace corresponding 
to all or part of SEQ ID NOS: 1-17 can be used to screen a cDNA or genomic DNA 
5 library. For instance, a nucleic acid of the invention can be isolated by selectively 
amplifying the nucleic acid using the polymerase chain reaction (PGR) method. For 
example, retroviral RNA can be isolated from infected cells (e.g», by the guanidinium- 
thiocyanate extraction procedure of Chirgwin et al. (1979) Biochemistry 18: 5294-5299) 
and cDNA can be prepared using reverse transcriptase. 
10 A nucleic acid of the invention can be amplified from cDNA (or, alternatively, 

genomic DNA) using these oligonucleotide primers and standard PGR amplification 
techniques. The nucleic acid so amplified can be cloned into an appropriate vector and 
characterized by DNA sequence analysis. 

Any suitable expression vector can be employed for generating vectors of the 
1 5 present invention. As described in Examples below, suitable expression constructs 
include human cytomegalovirus (CMV) inmiediate early promoter constructs. The 
cytomegalovirus promoter can be obtained from any suitable source. For example, the 
complete cytomegalovirus enhancer-promoter can be derived from the human 
cytomegalovirus (hCMV). Other suitable sources for obtaining GMV promoters include 
20 commercial sources, such as Clontech, Invitrogen and Stratagene. Part or all of the 
GMV promoter can be used in the present invention. Other examples of constructs 
\sWch can be used to practice the invention include constructs that use MuLV, SV40, 
Rous Sarcoma Virus (RSV), vaccinia P7.5, PGK, EF-l-alpha and rat P*actin promoters. 
In some cases, such as the RSV and MuLV, these promot^-enhancer elements are 
located within or adjacent to the LTBf sequences. 

Suitable regulatory sequences required for gene transmption, translation, 
processing and secretion are ait-recogpoized, and are selected to direct expression of the 
desired protein in an appropriate cell. Accordingly, the term ''regulatory sequence'', as 
used herein, includes any genetic element present 5' (upstream) or 3' (downstream) of 
the translated region of a gene and which control or affect expression of the gene, such 
as enhancer and promoter sequences. Such regulatory sequences are discussed, for 
example, in Goeddel, Gene expression Technology: Methods in Enzymology, page 185, 
Academic Press, San Diego, GA (1990), and can be selected by those of ordinary skill in 
the art for use in the present invention. 

In one embodiment, the invention employs an inducible promoter within the 
retroviral vectors, so that transcription of selected genes can be turned on and off This 
minimizes cellular toxicity caused by e3q)ression of cytotoxic viral proteins, increasing 
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the stability of the packaging cells contaimng the vectors. For example, high levels of 
expression of VSV-G (envelope protein) and Vpr can be cytotoxic (Y ee, J.-K., et al, 
Proc. Natl Acad Set, PJ:9654-9568 (1994) and, therefore, expression of these proteins 
in packaging cells used in connection with vectors of the the invention can be controlled 
5 by an inducible operator system, such as the inducible Tet operator system 

(GIBCOBRL), allowing for tight regulation of gene expression (i.e., generation of 
retroviral particles) by the concentration of tetracycline in the culture medium. That is, 
with the Tet operator system, in the presence of tetracycline, the tetracycline is bound to 
the Tet transactivator fusion protein (tTA), preventing binding of tTA to the Tet operator 

1 0 sequences and allowing expression of the gene under control of the Tet operator 

sequences (Gossen et al. (1992) PNAS 89:5547-555 1), In the absence of tetracyclme, 
the tTA binds to the Tet operator sequences preventing expression of the gene under 
control of the Tet operator. 

Examples of other inducible operator systems which can be used for controlled 

1 5 expression of the protein which provides a pseudotyped envelope are 1) inducible 
eukaiyotic promoters responsive to metal ions (e.g., the metallothionein promoter), 
glucocorticoid hormones and 2) the LacSwitch™ Inducible Mammalian Expression 
System (Stratagene) of E. colu Briefly, in the E, coli lactose operon, the Lac repressor 
binds as a homotetramer to the lac operator, blocking transcription of the lac2 gene. 

20 Inducers such as allolactose (a physiologic inducer) or isopropyl-p-D-thiogalactoside 
(IPTG, a synthetic inducer) bind to the Lac repressor, causing a conformational change 
and effectively decreasing the affinity of the repressor for the operator. When the 
repressor is removed from the operator, transcription from the lactose operon resumes. 
In yet another approach, selective expression of retroviral genes contained within 

25 the vectors of the invention can be achieved by cloning in a Cre/lox repressor ^stem 
upstream of selected coding sequences. Specifically, a polystop signal can be inserted 
between the gene(s) to be selectively e^ressed and a 5' promoter. The polystop signal 
is flanked by two loxVl sites (Sauer (1993) Methods in Enzymology 225:890-900). 
Upon contact with ere recombinase, the lox sites will recombine and delete the polystop 

30 signal, allowing the promoter to act in cis to turn on expression of the geQe(s). 

PACKAGING CELL LINES 

Any suitable packaging system (cell line) can be employed with the hybrid 
vectors of the present invention to facilitate transduction of host cells wilh the vectors in 
35 gene therapy. Generally, the packaging cells are mammalian cells, such as human cells. 
Suitable human cell lines which can be used include, for example, 293 cells (Graham et 
al. (1977) J. Gen. rirol, 36:59-72, tsa 201 cells (Heinzel et al. (1988) J. Viroly 
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62:3738), and Nffi3T3 cells (ATCC)). Other suitable packaging cell lines for use in the 
present invention include other human cell line derived (e.g., embryonic cell line 
derived) packaging cell lines and murine cell line derived packaging cell lines, such as 
Psi-2 cells (Mann et al. (1983) Cell 55:153-159; FLY (Cossett et al. (1993) rirol, 
5 iP5;385-395; BOSC 23 cells (Pear et al. (1993) PNAS ^0:8392-8396; PA317 cells 
(Miller et al. (1986) Molec. and Cell Biol, 5:2895-2902; Kat cell line (Finer et al. 
(1994) Blood, 55:43-50; GP+E ceUs and GP+EM12 cells (Markowitz et al. (1988) J. 
Virol, 52:1120-1124, and Psi Crip and Psi Cre cells (U.S. Patent No. 5,449,614; Danos, 
O. and Mulligan et al. (1988) PNAS 55:6460-6464). Packaging cell lines of the present 
10 invention can produce retroviral particles having a pantropic amphotropic or ecotropic 
host range. Preferred packaging cell lines produce retroviral particles, such as lentiviral 
particles (e.g., HlV-1, HIV-2 and SIV) capable of infecting dividing, as well as non- 
dividing cells. 

In a particular embodiment, the invention employs the split HTV gagpol 
15 packaging system, in which the HIV GAG-Protease (GAG-PR) sequence is on one 
plasmid and the HIV Reverse Transcriptase-integrase (RT-IN) sequence is fused to the 
VPR on a separate plasmid, described in U.S. Serial No. 09/3 1 1 ,684 (U.S. Patent No. 
6,365,150), the entire contents of which are incorporated by reference herein. In a 
preferred embodiment, the invention employs a split HIV gagpol packaging system, in 
20 which the HTV GAG-protease (GAG-PR) is on one plasmid, a portion of the HIV 
Reverse Transcriptase-integrase (RT-IN) sequence is fused to a VPR or VPX on a 
separate plasmid, and the remaining portion of the RT-IN is fused to a VPR or VPX on a 
third plasmid. 

The packaging cell line may also pr&vide for the hybrid vector to ajSect the range 
25 of host cells capable of being infected by providing a particular envelope protein (e.g., a 
non-lentiviral envelope protein). 

CELL IRANSFECnON AND SCREENING 

Hybrid vectors of the present invention can be transfected or transduced into host 
30 cells and tested for infectivity using standard transection/transduction techniques. 
Generally cells are incubated (i.e., cultured) with the vectors or virions containing tiie 
vectors in an appropriate medium under suitable transfection conditions, as is* well 
known in flie art. 

Positive packaging cell transfomiants (i.e., cells which have taken xxp and 
35 integrated the retroviral vectors) can be screened for using a variety of selection markers 
which are well known in the art For example, marker genes, such as green fluorescence 
protein (GFP), hygromycin resistance (Hyg), neomycin resistance (Neo) and 
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galactosidase (P-gal) genes can be included in the vectors and assayed for using e.g., 
enzymatic activity or drug resistance assays. Alternatively, cells can be assayed for 
reverse transcriptase (RT) activity as described by Goff et al. (1981) J. Virol 38:239 as a 
measure of viral protein production. Cells can also be measured for production of viral 
5 titers as is known in the art. 

Similar assays can be used to test for the production of unwanted, replication- 
competent helper virus. For example, marker genes, such as those described above, can 
be included in tiie "producer" vector containing the viral packaging sequence Q¥) and 
LTRs. Following transient transfection of packaging cells with tfie producer vector, 

1 0 packaging cells can be subcultured with other non-packaging cells. These non- 
packaging cells will be infected with recombinant, replication-deficient retroviral 
vectors of the invention carrying the marker gene. However, because these non- 
packaging cells do not contain the genes necessary to produce viral particles (e.g., TAR 
region), they should not, in turn, be able to infect other cells when subcultured with 

15 these other cells. If these other ceUs are positive for the presence of the marker gene 
when subcultured with the non-packaging cells, then unwanted, replication-competent 
virus has been produced. 

Accordingly, to test for the production of unwanted helper-virus, hybrid 
lentiviral vectors of the invention can be subcultured with a first cell line (e.g., NIH3T3 

20 cells) which, in turn, is subcultured with a second cell line which is tested for the 
presence of a marker gene or RT activity indicating the presence of replication- 
. competent helper retrovirus. Marker genes can be. assayed for using e.g., FACS, 
staining and enzymatic activity assays, as is well known in the art 

25 USES IN GENE THERAPY 

Hybrid lentiviral vector of the present invention can be used to transfer selected 
genes into dividing as well as non-dividing cells including, but not limited to, cells of 
the skin, gastrointestinal tissue, cardiac tissue^ and neuronal tissue. Techniques for 
transfer of selected genes into tissue or cells using viral vectors are well-established in 

30 the art. Genes for selection and transfer via viral vectors are also well known. One of 
skill can flius use fliese established techniques with the hybrid lentiviral vector of the 
present invention to efGciently transfer selected genes to cells and manomals. The 
characteristics of high expression and safety make tiie hybrid vector of the present 
invention a desirable vector for gene transfer in human therapy. 

35 Suitable genes which can be delivered via the hybrid vectors of the invention 

include any ther^utic gene. For example, genes involved in promoting angiogenesis 
to treat ischemia can be delivered, such as genes encoding soluble Interleukin-la 
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Receptor Type I, Soluble Interleukin-la Receptor Type n, Interleukin -la Receptor 
Antagonist Protein (IRAP), Insulin-Like Growth Factor OtGF), Tissue Inhibitors of 
Matrix Metallo-Proteraases (ITMP) -1,-2,-3,-4, Bone Moiphogenic Protein (BMP)-2 
and -7, Indian Hedgehog, Sox-9, Interleukin-4, Transforming Growth Factor (TGF) -p, 
5 Superficial Zone Protein, Cartilage Growth and Differentiation Factors (CGDF), Bcl-2, 
Soluble Tumor Necrosis Factor (TNF) - a Receptor, Fibronectin and/or Fibronectin 
Fragments, Leukemia Inhibitory Factor (LIF), LIF binding protein (LBP), Interleukm-4, 
Interleukin-10, Interleukin-1 1, InterIeukin-13, Hyaluronan Synthase, soluble TNF-a 
receptors 55 and 75, Insulin Growth Factor (IGF)-1 , activators of plasminogen, 

10 urokinase plasminogen activator (uPA), parathyroid hormone-related protein (PTHrP), 
and platelet derived growth factor (PDGF)-AA -AB or -BB. 

Cells can be transfected or transduced either in vivo or ex vivo and then retumed 
to a subject (see e.g., U.S. Patent No. 5,399,346). Thus, the cells can be autologous 
(e.g., a bone marrow cell, mesenchymal stem cell obtained Jfrom adipose tissue, a 

15 synovial fibroblast or a chondrocyte) or non-autologous (i.e., allogeneic or xenogenic), 
such as cells fi-om a cell line or from primary cells derived firom a human or animal 
source. 

EQUIVALENTS 

20 Those skilled in the art will recognize, or be able to ascertain using no more than 

routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following 
claims. The entire contents of all references, patents and published patent appUcations 
cited throughout this appUcation are hereby incorporated by reference. 
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EXAMPLES 

EXAMPLE 1 - Construction of Hybrid HIV-MoMSV Vector 

A hybrid retroviral vector ra which portions of the U3, R and/or U5 regions from 
5 the HIV LTR were deleted or replaced by comparable portions of the LTR jfrom 
MoMSV (as shown in Figure 1) was constructed through a series of cloning steps 
combining pieces from several plasmids (as shown in Figures 6-10)- Standard cloning 
techniques were used (e.g., Sambrook, J. et al. (1989) Molecular Cloning: A laboratory 
ManuaU2n± Cold Spring Harbor Laboratory Press, Cold Spring Harbor New York, 
10 USA). 

The 5* LTR (Plasmid D) was coiistructed by combining pieces from plasmids A, 
B and C. 

The 3' LTR (Plasmid E) was constructed by cloning a series of annealed 
oligonucleotides iato Plasmid A. 

15 The 5' LTR along with the piece of gag from Plasmid D was cloned into Plasmid 

E creating a plasmid which contained both the 5' and 3' LTRs. Other components such 
as the RRE, selection marker and cppt were then subcloned into the plasmid containing 
both LTRs. The completed hybrid vector contained the foUowing components: (from 
left to right): 1) a hybrid 5' LTR, contaning the MoMSV U3, the left half of the 

20 MoMSV R, the right half of the HIV R (without TAR) and the HIV U5; 2) the HIV 
packaging signal which is part of the sequence leading into die HTV GAG sequence; 3) 
the HIV GAG sequence, 4) the HIV central polypuiine tract (cppt), 5) the HIV RRE (rev 
response element); 6) the GFP gene coupled downstream from the PGK promoter; and 
7) a polypurine tract leading into a hybrid 3' LTR, including (from left to right) the HIV 

25 att sequence, the same hybrid MoMSV-HIV R as in tibe 5' LTR and the rabbit p-globm 
polyadenylation sequence. 

Plasmid A 

Plasnud A (Figure 6) was made by cloning annealed oligo OPLB 10/1 1 (SEQ ID 
30 NO: 3) into Puc 19. The OPLB 10/1 1 oligo contained the sequence for the start of the 
MoMSV 5' LTR U3 region. 

Plasmid B 

Plasmid B (Figure 7), a piece of plasmid PLXSN (Dusty.Miller), was subcloned 
35 into Plasmid A, forming the MoMSV 5' LTR U3 region and the left portion of the 
MoMSV R region. 
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Plasmid C 

Plasmid C (Figure 8) was subcloned from HIVNL-43 (Genbank Accession No. 
M19921) and contained the HIV 5' LTR from the R region through the U5 region, and 
5 through the packaging signal at flie start of GAG sequence. 

Plasmid D 

Plasmid D (Figure 9) was formed by combining plasmids A, B, and C to form 
the complete 5' hybrid LTR followed by the start of the fflV GAG sequence. The 

10 plasmid contained (within a Puc 19 backbone): the MoMSV U3 region (SEQ ID 

N0:12), the left portion of the MoMSV R region (SEQ ID NO: 10), the right portion of 
the HIV R region without TAR (SEQ ID N0:9), the HIV U5 region with att site (SEQ 
ID N0:13), and the start of the HTV GAG sequence. The Sac 1 and Hind 3 sites of 
Plasmid D were used to insert annealed oligo (OPLB 26a^) (SEQ ID N0:4) containing 

15 a small piece of MoMSV U3 region and the hybrid R junction of MoMSV and HIV with 
the complete removal of the TAR region. 

Plasmid E 

Plasmid E (Figure 10) contained the complete 3' hybrid LTR. The plasmid was 
20 constructed by cloning a series of annealed oligos into Plasmid A. Annealed oligo 

OPLB 14a+b/15a+b (SEQ ID NO:5) was ligated into the Xho 1- Hind 3 sites in plasmid 
A resulting in the initial 3' LTR containing HTV ppt, deleted HIV U3 with just the att 
site remaining, and part of MoMSV-HIV R region. Next, annealed oligo OPLB 12/13 
(SEQ ID NO:6) was ligated into the HBnd 3 -Sal 1 restriction sites resulting in the 
25 addition of the rest of flie HIV R region and rabbit B globin poly A. Annealed oligo 
OPLB 18/19 (SEQ ID NO:7) was then ligated into the Xho 1-Sac 1 restrictions sites 
which added the E-Box in front of the HIV ppt region. Finally, annealed oligo OPLB 
24a/b (SEQ ID N0:8) was ligated into restriction sites Bbs 1-Hind 3 to recreate the 
MoMSV-HIV R junction with the the entire TAR region being removed. 

30 

EXAMPLE 2 - Cell Culture, Transfections, Infections and Selection 

The hybrid MoMSV-HIV vector constructed as desoibed in Example 1 was 
transfected into 293T cells along with a gagpol plasmid vector containing HTV gagpol 
and Vif (no other accessory proteins), a rev expression vector, and VS Vg (envelope) 
35 expression vector. 
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Transfections were performed using the calcium phosphate method (53% Lie. 
and Gibco, Inc. kits). The following amounts of DNA were used for transfecting a 10cm 
plate of 293T cells; 8 \ig of hybrid vector, 12 \ig of gagpol vector, 1 jag of rev vector, 
and 1 |xg VS Vg vector. When standard lentiviral vectors were used as a positive control, 
5 an additional 1 ^ig of a TAT expression vector DNA was added. When standard murine 
retroviral vectors were used as a negative control, 10 fxg of hybrid vector, 8 ^ig gagpol 
vector, and 1 |ig of VSVg vector were used per 10cm dish. 

Transfections were also performed using the Fugene (Roche) method which uses 
less DNA. Using this method, flie following amounts of DNA were used for 

1 0 transfecting a 1 0cm plate of 293T cells; 3.2 ^g of hybrid vector, 4 fig of gagpol vector, 
0.4 Kig of rev vector, and 0.4 jig of VSVg vector. When standard lentiviral vectors were 
used as a positive control, an additional 0.4 fig of a TAT expression vector DNA was 
added. When standard murine retroviral vectors were used as a negative control, 4 \ig 
of hybrid vector, 3.2 |ig of gagpol vector, and 0.4 jig of VSVg vector were used per 

15 10cm dish. 

Viral supematants were collected 48 hours after transfection and filtered through 
a 0.45 p. filter. Viral supematants were then used to infect different cell types, such as 
3T3 and Hela cells, and viral titers were measured as shown in Tables 1-3 below. 

20 Table 1 

Table 1 shows titers obtained in 3T3 cells for several MoMSV-HIV hybrid 
vectors (referred to as PLB vectors) containing various additional genetic elements as 
listed in the table. All of the vectors were "hybrid'^ in that they contained the same 
hybrid left (5') and right (3') LTRs as constructed and described in Example 1. The cells 

25 infected with Neomycin e^qpressing vectors were split 1:10 into G418(Gibco) and 

selected for ten days. The resulting colonies were counted and multiplied by the dilution 
factor to obtain the viral titers. 

Table 1 : MoMSV-HIV Hybrid Vector G41 8 Titers 

30 



Vector 


Expression Vector 


TAT 


Expl 


Exp 2 


Exp3 


Exp4 


Mean of 
Exp 1-4 


FLB41 


PGK-Bgat-Neo 


No 


6.95 


17.2 


10.7 


21.1 


14.0 


PLB 60 


CpptPGK-Bgal-Neo 


No 


12.6 


63.9 


13.1 


12.7 


25.6 
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PLB62 


PGK-Bgal-Neo-WPRE 


No 


25.8 


46.1 


13.4 


12.7 


24.5 


PLB65 


Cppt WPRE PGK-Bgal-Neo 


No 


53.4 


67.9 


22.7 


26.8 


42.7 


PLB67 


CpptEFl-Bgal-Neo 


No 


5.60 


20.1 


6.10 




10.6 


PLB71 


CMV-LTR PGK-Bgal-Neo 


No 


1.55 


11.5 


— 


— 


6.5 


PLB73 


CMV-LTR CRjt PGK-Bgal- 
Neo 


No ■ 


4.80 


10.8 


— 


— 


7.8 


PLB78 


Cppt EFl-Bgal-Neo WPRE 


No 


16.0 








16^0 


HPV289 


Cppt PGK-Bgal-Neo 


Yes 


382 


424 


132 


89.0 


215 


HPV337 


CpptEFl-Bgal-Neo 


Yes 


290 


570 


141 




355 



• Titiersarel0tothe4* 

• PLB vectors were the HTV-MoMSV Hybrid Vectors 

• HPV vectors were lentiviralHrV Vectors 

5 



Table 2 

Viral titers were determined for 3T3 cells infected with GFP (green fluorescent 
protein) expressing vectors by FACS (Fluorescence activated cell sorter) analysis, the 
1 0 percentage of GFP positive cells were multiplied by the number of cells plated and the 
dilution factor. He results are shown below in Table 2. 



Table 2: MoMSV-HIV Hybrid Vector GFP titers 



Vector 


Kcpressioa Vector 


TAT 


Expl 


Exp 2 


Exp 3 


Exp4 


Mean of 
Exp 1-4 


PLB 61 


PGK-GFP 


No 


2.10 


5.17 




1.70 


2.99 


PLB 63 


CpptPGK-GFP 


No 


3.18 


1.79 


3.55 


2.49 


2.75 
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PLB64 


CpptEFl-GFP 


No 


2.87 


1.96 


4.00 


2.56 


2.85 


PLB76 


CpptPGK-GFPWPRE 


No 








3.02 




PLB77 


Cppt-EFl-GFPWPRE 


No 








2.99 




HPV306 


CpptPGK-GFP 


Yes 


14.0 


10.9 


19.0 


15.7 


14.9 


HPV335 


CptEFi-GFPl 


Yes 


11.0 


18.9 


14.2 


14J 


14.6 



. • TitiersarelOtotheS* 

• PLB - MoMSV-fflV Hybrid Vectors 

• HPV - Lentiviral Vectors 

5 



Tables 

The MoMS V-HTV hybrid vectors were also tested and shown to infect non- 
dividing cells, particularly Aphidicolin arrested Hela cells, as shown below in Table 3. 
10 Two controls were used: (1) standard murine retroviral vector (SM 10) which is not 
capable of infecting non-dividing cells and (2) standard lentiviral vectors (HPV 306 and 
HPV 335) which are capable of infecting non-dividing cells. 

Table 3: MoMSV-fflV Hybrid Vector Results in Non-dividing Hela Cells 

15 



Vector 


Expiession Vector 


TAT 


Hela 


HelaND 


PLB 61 


PGK-GFP 


No 


95.63% 


71.76% 


PLB63 


CpptPGK-CFP 


No 


99.47% 


77.64% 


P]LB64 


CpptEFl-GFP 


No 


100% 


97.88% 


SMIO 


IRES-GFP (Negative ControD 


No 


98.81% 


0.15% 


HPV 306 


CpptPGK-GFP 


Yes 


94.28% 


45.39% 
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HPV335 


CpptEFl-GFP 


Yes 


99.80% 


57.42% 



• % of GFP positive cells 

• PLB - MoMS V-fflV Hybrid Vectors 

• SM - Murine Retrovirus Vector 
5 • HPV - Lentiviral Vectors 



In addition to the above studies, the hybrid lentiviral vectors of the present 
invention v^ere also tested in a split HIV gagpol packaging system, in which the HTV 
GAG-Protease (GAG-PR) sequence is on one plasmid and the HTV Reverse 
10 , Transcriptase-integrase (RT-IN) sequence is fused to the VPR on a separate plasmid as 
described in U.S. Serial No. 09/31 1,684, the entire contents of which are incorporated by 
reference herein. Inthesestudies, viral titers of 10^ were obtained. The protocol used 
for testing viral titers using the split gagpol system was the same as the protocol used for 
testing viral titers using the standard gagpol expression plasmid described above. 

15 

EXAMPLE 3 ~/n vivo expression of hybrid SIN lentiviral vectors 

A. In vivo expression of hybrid SIN lentiviral vectors expressing GFP 
Murine bone marrow cells from donor mice were transduced with concentrated 

20 and unconcentrated viral stocks containing hybrid self-inactivating (SIN) lentiviral 
vectors expressing green fluorescent protein (GFP). These cells were then used to 
reconstitute recipient mice. Two monflis latCT, blood cells from recipient mice were 
collected. Hie red blood cells were^lysed using ammonium chloride and the white blood 
cells stained vdth a flourescently labeled antibody that recognizes an antigen called 

25 CD45.1. CD45.1 is present on blood cells of ihe recipient mice but is not expressed on 
any cell derived from the bone marrow cells of the donor mice. Use The proportion of 
blood cells derived from the donor and recipient mice are thus easily quantified through 
Ihe use of Hxe CD45.1 antibody. 

FACS analysis of the blood cells collected from the recipient mice was 

30 performed to determine flie number of cells e^qpressing the .GFP proteia The cells 

e^qnressing GFP correspond to the number of cells expressing the transduced hybrid SIN 
lentiyiral vectors of the invention. 
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The results showed that 55% to 61 .46% of blood cells of donor origin in the 
recipient mouse contained the transduced hybrid SIN lentiviral vectors of the invention: 
These ranges were obtained when donor bone marrow cells exposed to high titer 
concentrated viral stocks were used to reconstitute recipient mice. When donor bone 
5 marrow cells exposed to unconcentrated virus stock were used, 436% of blood cells of 
donor origin contained the transduced hybrid SIN lentiviral vectors of the invention. 

B. In vivo expression of hvbrid SIN lentiviral vectors expressing p-globin 
M\jrine bone marrow cells from donor mice- were transduced with concentrated 
10 viral stocks containing hybrid self-inactivating (SIN) lentiviral vectors containing the 
gene encoding himian p-globin. These cells were then used to reconstitute recipient 
mice. Two months later, blood cells from recipient mice were collected. The red blood 
cells were fixed and treated with a chemical that creates holes in the cell membrane. 
The cells were then exposed to a flourescently labeled antibody that specifically 
15 recognizes the human P~globin gene. This antibody can not permeate the cell membrane 
and bind to the p-globin protein unless holes in the cell membrane are chemically 
created. 

FACS analysis of the blood cells collected from the recipient mice was 
performed to determine the number of ceUs e5q)ressing the P-globin protein. The cells 
20 e^qxressing p-globin correspond to the number of cells expressing the transduced hybrid 
SIN lentiviral vectors of the invention. 

The results showed that 1 5.52% to 22.28% of blood cells of donor origin in the 
recipient mouse contained the transduced hybrid SIN lentiviral vectors of the invention. 



25 



Conclusion 



• Hie results of the in vitro and in vho studies described above demonstrate that 
the hybrid self-inactivatmg (SIN) lentiviral vectors of the piesent invention geoerate 
Mgh viral titers in the range known to be usefid for human gene therapy. Spedfically^ 

30 titers in the range of 10^ to 10^ can be obtained (depending on the size of the insert, 
smaller inserts achieving greater titers) prior to concentration, and in the range of 10' to 
10^ after concentration. Moreover, there was no indication of replication-competent 
virus. The results also demonstrate that the the hybrid lentiviral vectors of the present 
invention are efGcient at transducing non-<iividing cells, further adding to their 

35 usefulness in gene therapy. 
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What is claimed is: 

1 . A retroviral LTR comprising a lentiviral R region which lacks all or a portion of 
the TAR sequence. 

5 

2. The retroviral LTR of claim 1, wherein the TAR sequence or portion thereof is 
replaced by a comparable portion of the R region from a non-lentiviral retrovirus, 
thereby forming a hybrid R region. 

10 3. The retroviral LTR of claim 1 , wherein the lentivirus is selected from the group 
consisting of HIV, EIV, SIV and FIV. 

4. The retroviral LTR of claim 1, wherein the lentivirus is HIV- 1 or HIV-2. 

15 5- The retroviral LTR of claim 2, wherein the non-lentiviral retrovirus is selected 
from the group consisting of MoMSV, MoMLV, MLV, Friend, MSCV, RSV 
and spumavirus. 

6. The retroviral LTR of claim 2, wherein the lentivirus is HIV and the non- 
20 lentiviral retrovirus is MoMSV. 

7. The retroviral LTR of claim 6, wherein the hybrid R region comprises a portion 
of the HIV R region comprising the nucleotide sequence shown in SEQ ED 
NO: 1 0 and a portion of the MoMSV R region comprising the nucleotide 

25 sequence shown m SEQ ID NO:9. 

8. The retroviral LTR of claim 6, wherein the hybrid R region comprises the 
nucleotide sequence shown in SEQ ID N0:1 1 . 

30 9- A retroviral LTR comprising a hybrid R region, wherein the hybrid R region 

comprises: (1) a portion of a lentiviral R region lacking the TAR sequence; and 
(b) a comparable portion of an R region from a non-I^tiviral retrovirus. 

10. The retroviral LTR of claim 9, wherein the portion of the lentiviral R region is 
35 firom a lentivirus selected from the group consisting of HIV, EIV, SIV and FIV, 
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1 1 . The retroviral LTR of claim 9, wherein the portion of the R region from the non- 
lentiviral retrovirus is from a retrovirus selected from tihie group consisting of 
MoMSV, MoMLV, MLV, Friend, MSCV, RSV and spumavirus. 

5 12. The retroviral LTR of claim 9, wherein tiie portion of the lentiviral R region is 
from HIV and the portion of the R region from the non-lentiviral retrovirus is 
from MoMSV. 

13. The retroviral LTR of claim 12, wherein the hybrid R region comprises a portion 
10 of tiie HIV R region comprising the nucleotide sequence shown in SEQ ID NO: 

10 and a portion of the MoMSV R region comprising the nucleotide sequence 
shown in SEQ ID NO:9. 

14. The retroviral LTR of claim 1 2, wherein the hybrid R region comprises the 
1 5 nucleotide sequence shown in SEQ ID NO: 1 1 . 

15. The retroviral LTR of claim 9, wherein the LTR is a left (5') LTR and further 
comprises a promoter sequence upstream from the hybrid R region. 

» 

20 1 6. The retroviral LTR of claim 1 5, wherein the promoter sequence comprises the 
U3 region of a non-lentiviral retroviras. 

17. The retroviral LTR of claim 1 5, wherein the promoter sequence comprises the 
MoMSV U3 region. 

25 

1 8. The retroviral LTR of claim 1 5 ftirfher comprising a lentiviral U5 region 
downstream fix>m the hybrid R region. 

19. The retroviral LTR of claim 1 8, wherein the U5 region is the HIV U5 region 
30 including the HIV att sequence. 

20. The retroviral LTR of claim 9, wherein the LTR is a right (3 ') LTR and fiirther 
comprises a portion of a lentiviral U3 region upstream from the hybrid R region, 
wherein the portion includes the lentiviral U3 att sequence but lacks any 

35 promoto: activity. 
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21 . The retroviral LTR of claim 20, wherein the portion comprises flie 3' end of the 
lentiviral U3 region up to and including the lentiviral U3 att sequence. 

22. The retroviral LTR of claim 20, wherein the portion of the U3 region is from 
5 HIV. 

23. The retroviral LTR of claim 20, \^erein the portion of the U3 region 
comprises the nucleotide sequence shown in SEQ ID NO: 1 5. 

10 24. The retroviral LTR of claim 20 further comprising a polyadenylation sequence 
downstream from the hybrid R region. 

25. The retroviral LTR of claim 24, wherein the polyadenylation sequence comprises 
the rabbit P-globin gene polyadenylation sequence. 

15 

26. The retroviral LTR of claim 24, wherein the polyadenylation sequence comprises 
the nucleotide sequence shown in SEQ ID NO: 1 6. 

27. A retroviral LTR comprising a hybrid R region, wherein the hybrid R region 
20 comprises: (1) a portion of the HIV R region lacking the TAR sequence; and (b) 

a portion of the MoMS V R regioiL 

28. The retroviral LTR of claim 20, \^erein the portion of the HTV R region 
comprises the nucleotide sequence shown in SEQ ID NO: 1 0. 

25 

29. The retroviral JJTR of claim 20, wherein the portion of the MoMSV R region 
comprises the nucleotide sequence shown in SEQ ID NO: 9. 

30. The retroviral LTR of claim 20, \^erein the hybrid R region comprises the 
30 nucleotide sequence shown in SEQ ID NO: 1 1 . 

3L A left (5') retroviral LTR comprismg fliree regions, U3, R and U5, wherein: 
the U3 region comprises a promoter sequence; 
the R region comprises a combination of (a) ) a portion of an R region 
35 from a non-lentiviral retrovirus, and (b) a portion of an R region from a lentivirus 

which does not include the TAR sequence; and 

the U5 region comprises a lentiviral U5 region. 
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32. The left (5') retroviral LTR of claim 31, wherein the U3 region comprises the U3 
region from a non-lentiviral retrovirus. 

5 33. The left (5') retroviral LTR of claim 3 1 , wherein the U3 region comprises the 
MoMSVU3 region. 

34. The left (5') retroviral LTR of claim 3 1 , wherein the R region comprises a 
portion of the MoMS V R region, and a portion of the HTV R region lacking the 

10 TAR sequence.. 

35. The left (5') retroviral LTR of claim 3 1 , wherein the U5 region comprises the 
HIV U5 region. 

15 36. A left (5') retrovkal LTR comprising three regions referred to, from left to right, 
as U3-R-U5, wherein: 

the U3 region comprises the MoMSV U3 region; 

the R region comprises the left half of the MoMSV R region and the right 
half of the HIV R region lacking the HTV TAR sequence but including the HIV 
20 polyadenylation sequence; and 

Ihe U5 region comprises the HTV U5 region including the HIV att 
sequence. 

37. The left (5') retroviral LTR of claim 36, wherein the U3 region comprises the 
25 nucleotide sequwice shown hi SEQ ID N0:12. 

38. The left (5') retroviral LTR of claim 36, wherein the R region comprises the 
nucleotide sequence shown in SEQ ID N0:1 1. 

30 39. The left (5') retroviral LTR of claim 36, wherem the U5 region comprises the a 
nucleotide sequence shown in SEQ ID N0:13. 

40. A left (5*) retroviral LTR comprising the nucleotide sequence shown in SEQ ID 
N0:14. 

35 
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41. A right (30 reliovirdLTR comprising ttoeeregi^ 

the U3 region comprises Ihe att sequence from a lentiviral US region but 
lacks any sequences from the US region having promoter activity; 

the R region comprises a combination of (a) a portion of an R region 
5 from a non-lentiviral retrovirus, and (b) a portion of an R region from a lentiviras 

which does not include the TAR sequence; and 

the P region comprises a polyadenylation sequence. 

42. The right (3') retroviral LTR of claim 41, wherein the US region comprises the 
10 HTV att sequence. 

43. The rigjit (3') retroviral LTR of claim 41 , wherein the U3 region comprises the 
nucleotide sequence shown in SEQ ID NO: 15. 

15 44. The right (3 retroviral LTR of claim 4 1 , wherein the R region comprises a 

portion of the MoMSV R region, and a portion of the HTV R region lacking the 
TAR sequence. 

45. The right (3') retroviral LTR of claim 41, wherein the R region comprises the 
20 nucleotide sequence shown in SEQ ID NO: 1 1 . 

46. The right (3 ') retroviral LTR of claim 4 1 , wherein the P region comprises the 
rabbit P-globin gene polyadenylation sequence. 

25 47. The right (3 ') retroviral LTR of claim 41, wherein the P region comprises the 
nucleotide sequence shown in SEQ ID N0:16. 

48. A right (3') retroviral LTR comprising Aree regions refenred to, fix)m left to 
right, as U3-R-P, vAierem: 
30 the U3 region comprises a portion of the HIV US region containing the 

HTV att sequence but not containing any sequences finom tiie HIV U3 region 
having promoter activity; 

the R region comprises the left half of the MoMSV R region and the right 
half of tiie HIV R region lacldng the mV TAR sequence but including 
35 polyadenylation sequence; and 

the P region comprises a polyadenylation sequence. 
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49. The right (30 retroviral LTR of claim 48, v^^erein the 
nucleotide sequence shown in SEQ ID NO: 1 5. 

50. Theright(3')retroviralLTRof claim 48, wherein the R region com 
5 nucleotide sequence shown in SEQ ID n6:1 L 

5L The right (3^ retroviral LTR of claim 48, wherein the P region comprises the a 
nucleotide sequence shown in SEQ ID NO: 1 6. 

1 0 52, The right (3') retroviral LTR of claim 48 further comprising the HIV polypurine 
tmck (ppt) sequence upstream from the U3 region. 

53. A right (3 ') retroviral LTR comprising the nucleotide sequence shown in SEQ ID 
N0:17. 

15 

54. A hybrid retroviral LTR comprising all or a portion of the R region jfrom a non- 
lentiviral retrovirus and all or a portion of the U3 region or the U5 region ftom a 
lentivirus. 

20 55. The hybrid retroviral LTR of claim 54, wherein the LTR is a left (5') LTR and 
comprises all or a portion of the U3 region of a non-lentiviral retrovirus, all or a 
portion of the R region of a non-leutiviral retrovirus, and all or a portion of the 
U5 region from a lentivirus. 

25 56. The hybrid retroviral LTR of claim 54, wherein the LTR is a right (5') LTR and 
comprises all or a portion of the U3 region of a lentivirus and all or a portion of 
the R region of a non-lentiviral retrovirus. 

57. The hybrid retroviral LTR of any one of claims 54, 55 or 56, wherein the 
30 Imtivirus is HIV and the non-lentiviral retrovhrus is MoMSV. 

58. An expression vector comprising the retroviral LTR of any one of claims 1, 9, 
20, 31, 36, 41, 48 or 54. 

35 59- The expression vector of claim 58, wherein the expression vector is a SIN vector. 
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60* An expression vector comprising 

(1) a left (5') retroviral LTR comprising three regions, U3, R and U5, wherein: 

the U3 region comprises a promoter sequence; 
5 the R region comprises a combination of (a) ) a portion of an R region 

from a npn-lentiviral retrovirus, and (b) a portion of an R region from a 
lentivirus which does not include the TAR sequence; and 
the U5 region comprises a lentiviral U5 region; and further comprising 

(2) a right (3*) retroviral LTR comprising three regions, U3, R and P, wherein: 
10 the U3 region comprises the att sequence from a lentiviral U3 region but 

lacks any sequences from the U3 region having promoter activity; 
the R region comprises a combination of (a) a portion of an R region 
from a non-lentiviral retrovirus, and (b) a portion of an R region from a 
lentivirus which does not include the TAR sequence; and 
15 the P region comprises a polyadenylation sequence. 



61 . The expression vector of claim 60, wherein the expression vector is a SIN vector. 

62. The expression vector of claim 60 further comprising a polypurine tract upstream 
20 from the U3 region of the right (3*) LTR. 

63. The expression vector of claim 60 frirflier comprising an RNA export element 

64. The ejqxression vector of claim 60, wherein the RNA export element comprises 
25 the inv Rev responsive element (RRE). 

65. The expression vector of claim 60 frirther comprising an exogenous gene. 

66. The expression vector of claim 60, wherein the gene is a marker gene. 

30 

67. The e^gpression vector of claim 66, wherein the maiker gene comprises the green 
fluorescence protein (GFP) gene. 

68. The expression vector of claim 60, wherein the gene is a thempeutic gene. 

35 

69. The expression vector of claim 68, wherein the gene encodes a protein which 
promotes angiogenesis. 
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70. An expression vector comprising 

(1) a left (5^) retroviral LTR comprising three regions referred to, from 
. right, as U3-R-U5, wherein: 

5 the U3 region comprises the MoMSV U3 region; 

the R region comprises the left half of the MoMSV R region and the right 
half of the HTV R region lacking the HTV TAR sequence but including 
the HTV polyadmylation sequence; and 

the U5 region comprises the HTV U5 region including the HTV att 
10 sequence; and fiirther comprising 

(2) a right (3 *) retroviral LTR comprising three regions referred to, from left to 
right, as U3-R-P, wherein: 

the U3 region comprises a portion of the HTV U3 region containing the 
HTV att sequence but not containing any sequences from the HTV U3 
15 region having promoter activity; 

the R region comprises the left half of the MoMSV R region and the right 
half of the HIV R region lacking the HIV TAR sequence but including 
the HTV polyadenylation sequence; and 
the P region comprises a polyadenylation sequence. 

20 

71 . The e:q>ression vector of claims 70, wherein the expression vector is a SIN 
vector. 

72. Hie expression vector of claim 70 fiirther comprising a polypurine tract upstream 
25 from the U3 region of the right (3') LTR 

73. The expression vector of claim 70 fijrflier comprismg an RNA export elraient 

74. The expression vector of claim 70, wherein the RNA export element comprises 
30 the HIV Rev responsive element (RRE). 

75. Hie expression vector of claim 70 fiirther comprising an exogenous gene. 

76. The expression vector of claim 70, wherein the gene is a marker gene. 

35 

77. The expression vector of claim 76, wherein the marker gene comprises the green 
fluorescence protein (GFP) gene. 
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78. The expression vector of claim 70, wherein the gene is a therapeutic gene. 

79. The expression vector of claim 78, wherein tihe gene encodes a protein which 
5 promotes angiogenesis. 

80. The expression vector of any one of claims 65-69 or 75-79 further comprising a 
promoter sequence upstream from the gene. 

10 81. The expression vector of claim 80, wherein the promoter is selected from the 
group consisting of the PGK, EFl alpha and CMV promoter. 

82. The expression vector of claim 80, wherein the promoter is the natural promoter 
associated with the gene. 

15 

83. The e^ession vector of claim 80 further comprising an internal ribosome entry 
site (ERES). 

84. The expression vector of claim 80 further comprising all or a portion of a, 
20 lentiviral GAG sequence. 

85. The expression vector of claim 80, wherein the gene is selected from the group 
consisting of genes encoding soluble Interleukin-la Receptor Type I, Soluble 
Interieukin-la Recq)tor Type H, Interleukin -la Receptor Antagonist Protein 

25 (TRAP), Insulin-Like Growth Factor (IGF), Tissue Inhibitors of Matrix Metallo- 

Proteinases (TIMP) -1,-2,-3,-4, Bone Moiphogenic Protein (BMP>2 and -7, 
Indian Hedgehog, Sox-9, Interleu!dn-4, Transforming Growth Factor (TGF) -p. 
Superficial Zone Ptotein,*Cartilage Growth and Differentiation Factors (CGDF), 
Bcl-2, Soluble Tumor Necrosis Factor (TNF) - a Receptor, Fibronectin and/or 

30 Fibronectin Fragments, Leukemia Inhibitory Factor (LEF), LBF binding protein 

(LBP), InterIeukin-4, IntOTleuIdn-10, Interleukin-1 1, Interleukin-13, Hyaluronan 
Synthase soluble TOF-a receptors 55 and 75, Insulm Growth Factor 0GF)-1> 
activators of plasminog^ urokinase plasminogen activator (uPA), paradiyroid 
hormone-related protein (PTHrP), and platelet derived growth factor (PDGF)- 

35 AA-ABor-BB. 

86. Use of the expression vector of any one of claims 60-79 in gene therapy* 
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87. A virion for use in gene therapy comprising the expression vector of any one of 
claims 60-79. 

5 88- A method of delivering a gene to a cell comprising contacting the cell with the 
virion of claim 87. 

89* TbQ method of claim 88, wherein the cell is selected j&om the group comprising 
an autologous cell, a bone marrow cell, a mesenchymal stem cell obtained 
10 j&om adipose tissue, a synovial fibroblast or a chondrocyte, a non-autologous cell (i.e., is 
allogeneic or xenogenic) and a cell from a cell line or from primary cells derived from a 
human or animal source. 

The method of claim 88, wherein the virion is contacted with the cell in vivo. 

The method of claim 88, wherein the virion is contacted with the cell ex vivo. 

A method of producing a lentivinis suitable for use in gene therapy comprising 
transfecting the expression vector of any one of claims 60-79 into a packaging, 
cell line containing the necessary envelop (em) and polymerase (pol) gene 
sequences to produce the lentivirus. 

The method of claim 92, wherein the envelope (env) gene is from a non-lentiviral 
virus so that the lentivirus is pseudotyped. 



15 



90. 

91. 

92. 



20 



93. 
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FIGURE 9. 
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SEQUENCE LISTING 

<110> Genetix Pharmaceuticals, Inc.f et ai. 

<120> NOVEL SELF-INACTIVATING (SIN) LENTIVIE^O, VECTORS 

<130> IOI-023PC 

<150> US 60/288,042 
<151> 2001-05-01 

<160> 17 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 651 
<212> DNA 

<213> H\jinan immunodeficiency virus type 1 
<400> 1 

gaattctttg aaagacccca cccgtaggtg gcaagctagc ttaagtaacg ccactttgca 60 
aggcatggaa aaatacataa ctgagaatag gaaagttcag atcaaggtca ggaacaaaga 120 
aacagctgaa taccaaacag gatatctgtg gtaagcggtt cctgccccgg ctcagggcca 180 
agaacagatg agacagctga gtgatgggcc aaacaggata tctgtggtaa gcagttcctg 240 
ccccggctcg gggccaagaa cagatggtcc ccagatgcgg tccagccctc agcagtttct 300 
agtgaatcat cagatgtttc cagggtgccc caaggacctg aaaatgaccc tgtaccttat 360 
ttgaactaac caatcagttc gcttctcgct tctgttcgcg cgcttccgct ctccgagctc 4 20 
aataaaagag cccacaaccc ctcactcggc gcgccagtct tccgatagac tgcgtcgcac 4 80 
tgcttaagcc tcaataaagc ttgccttgag tgcttcaaag tagtgtgtgc ccgtctgttg 540 
tgtgactctg gtaactagag atccctcaga cccttttagt cagtgtggaa aatctctagc 600 
agtggcgccc gaacagggac ttgaaagcga aagtaaagcc agaggagatc t 651 

<210> 2 
<211> 210 
<212> DNA 

<213> Human immunodeficiency virus type 1 
<400> 2 

ctcgagggta cctttaagac caatgactta caaggcagct gtagatctta gccacttttt 60 
aaaagaaaag gggggactgg aagggctaat tcactcccaa agaagacaag atatgcgcca 120 
gtcttccgat agactgcgtc gcactgctta agcctcaata aagcttgcct tgagtgcttc 180 
aatgtgtgtg ttggtttttt gtgtgtcgac 210 

<210> 3 
<211> 82 
<212> DNA 

<213> Human immunodeficiency virus type 1 , 
<400> 3 

gaattctttg aaagacccca cccgtaggtg gcaagctagc ggccgctcga gaatcgataa 60 
gctttctaga gtcgactagc tt 82 

<210> 4 
<211> 88 
<212> DNA 

<213> fliaman immunodeficiency virus type 1 
<400> 4 

gagctcaata aaagagccca caacccctca ctcggcgcgc cagtcttccg atagactgcg 60 
tcgcactgct taagcctcaa taaagctt 88 
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<210> 5 
<211> 148 
<212> DNA 

<213> Hioman immunodeficiency virus type 1 
<400> 5 

ctcgagtttt taaaagaaaa ggggggactg gaagggctaa ttcactccca aagaagacaa 60 
gatatgcgcc agtcttccga tagactgcgt cgcccgggga gctctctggc taactaggga 120 
acccactgct taagcctcaa taaagctt. 148 

<210> 6 
<211> 50 
<212> DNA 

<213> Human immunodeficiency virus type 1 



<210> 7 
<211> 153 
<212> DNA 

<213> Human immunodeficiency virus type 1 
<400> 7 

ctcgagggta cctttaagac caatgactta caaggcagct gtagatctta gccacttttt 60 
aaaagaaaag gggggactgg aagggctaat tcactcccaa agaagacaag atatgcgcca 120 
gtcttccgat agactgcgtc gcccggggag etc 153 

<210> 8 : 
<211> 65 
<212> DNA 

<213> Human immunodeficiency virus type 1 
<400> 8 

gaagacaaga tatgcgccag tcttccgata gactgcgtcg cactgcttaa gcctcaataa 60 
agctt 65 

<210> 9 
<211> 28 
<212> DNA 

<213> Human immunodeficiency virus type 1 



<210> 10 
<211> 39 
<212> DNA 

<213> Human immunodeficiency virus type 1 
<400> 10 

actgcttaag cctcaataaa gcttgccttg agtgcttca 39 

<210> 11 
<211> 67 
<212> DNA 

<213> Human immunodeficiency virus type 1 



<400> 6 

aagcttgcct tgagtgcttc aatgtgtgtg ttggtttttt gtgtgtcgac 



50 



<400> 9 

gcgccagtct tccgatagac tgcgtcgc 



28 
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<400> 11. •. 

gcgccagtct tccgatagac tgcgtcgcac tgcttaagcc tcaataaagc ttgccttgag 60 
tgcttca 67 

<210> 12 
<211> 450 
<212> DNA 

<213> Hviman immunodeficiency virus type 1 



<400> 12 

gaattctttg 

aggcatggaa 

aacagctgaa 

agaacagatg 

ccccggctcg 

agtgaatcat 

ttgaactaac 

aataaaagag 



aaagacccca 
aaatacataa 
taccaaacag 
agacagctga 
giggccaagaa 
cagatgtttc 
caatcagttc 
cccacaaccc 



cccgtaggtg 
ctgagaatag 
gatatctgtg 
gtgatgggcc 
cagatggtcc 
cagggtgccc 
gcttctcgct 
ctcactcggc 



gcaagctagc 
gaaagttcag 
gtaagcggtt 
aaacaggata 
ccagatgcgg 
caaggacctg 
tctgttcgcg 



ttaagtaacg 
atcaaggtca 
cctgccccgg 
tctgtggtaa 
tccagccctc 
aaaatgaccc 
cgcttccgct 



ccactttgca 60 
ggaacaaaga 120 
ctcagggcca 180 
gcagttcctg 240 
agcagtttct 300 
tgtaccttat 360 
ctccgagctc 420 
450 



<210> 13 
<211> 84 
<212> DNA 

<213> Human immunodeficiency virus type 1 
<400> 13 

aagtagtgtg tgcccgtctg ttgtgtgact ctggtaacta gagatccctc agaccctttt 60 
agtcagtgtg gaaaatctct agca 84 

<210> 14 
<211> 601 

<212> DNA 

<213> Human immunodeficiency virus type 1 



<400> 14 

gaattctttg 

aggcatggaa 

aacagctgaa 

agaacagatg 

ccccggctcg 

agtgaatcat 

ttgaactaac 

aataaaagag 

tgcttaagcc 

tgtgactctg 



aaagacccca 
aaatacataa 
taccaaacag 
agacagctga 
gggccaagaa 
cagatgtttc 
caatcagttc 
cccacaaccc 
tcaataaagc 
gtaactagag 



cccgtaggtg 
ctgagaatag 
gatatctgtg 
gtgatgggcc 
cagatggtcc 
cagggtgccc 
gcttctcgct 
ctcactcggc 
ttgccttgag 
atccctcaga 



gcaagctagc 
gaaagttcag 
gtaagcggtt 
aaacaggata 
ccagatgcgg 
caaggacctg 
tctgttcgcg 
gcgccagtct 
tgcttcaaag 
cccttttagt 



ttaagtaacg 
atcaaggtca 
cctgccccgg 
tctgtggtaa 
tccagccctc 
aaaatgaccc 
cgcttccgct 
tccgatagac 
tagtgtgtgc 
cagtgtggaa 



ccactttgca 60 
ggaacaaaga 120 
ctcagggcca 180 
gcagttcctg 240 
agcagtttct 300 
tgtaccttat 360 
ctccgagctc 420 
tgcgtcgcac 480 
ccgtctgttg 540 
aatctctagc 600 
601 



<210> 15 
<211> 38 
<212> DNA 

<213> Hiaman immunodeficiency virus type 1 
<400> {15 

ctggaagggc taattcactc ccaaagaaga . caagatat 

<210> 16 
<211> 24 
<212> DNA 

<213> Human immunodeficiency virus type 1 
<400> 16 

atgtgtgtgt tggttttttg tgtg 



38 



24 
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<210> 17 
<211> 129 
<212> DNA 

<213> Human immunodeficiency virus type 1 
<40b> 17 

ctggaagggc taattcactc ccaaagaaga caagatatgc gccagtcttc cgatagactg 60 
cgtcgcactg cttaagcctc aataaagctt gccttgagtg cttcaatgtg tgtgttggtt 120 • 
ttttgtgtg 129 
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